A 2-year longitudinal study of enzyme-linked immunosorbent assay (ELISA) antibodies against Phlebotomus perniciosus and Phlebotomus papatasi (Diptera: Psychodidae) sandfly saliva was performed in 32 Beagle dogs treated preventively with an imidacloprid-permethrin topical insecticide in an endemic area in Spain. Dogs were grouped into three sandfly exposure groups according to the time of inclusion in the study. Assays analysed immunoglobulin G (IgG) against salivary gland homogenates (SGH) of both species and recombinant P. papatasi rSP32 and P. perniciosus rSP03B proteins in serum. The dogs were participating in a Leishmania infantum (Kinetoplastida: Trypanosomatidae) vaccine trial and were experimentally infected with the parasite in the second year. No dog acquired natural L. infantum infections during the first year, but most developed anti-saliva antibodies, and median log-transformed optical densities (LODs) were seasonal, mimicking those of local sandflies. This indicates that the repellent efficacy of the insecticide used is below 100%. Multi-level modelling of LODs revealed variability among dogs, autocorrelation and differences according to the salivary antigen and the dog's age. However, dog seroprevalence, estimated using pre-exposure LODs as cut-offs, was relatively low. This, and the fact that dogs did not become naturally infected with L. infantum, would support the efficacy and usefulness of this imidacloprid-permethrin topical insecticide in canine leishmaniasis control.
the New World. Phlebotomus perniciosus is the most common vector in Western Europe, including in Spain, where the sandfly species described comprise 10 Phlebotomus spp. and two Sergentomyia spp. (Aransay et al., 2004) . Adult sandfly abundances in Mediterranean countries are seasonal (Alten et al., 2016) and, in the area studied, peak between June and September (Risueño et al., 2017) . The avoidance of bites is the single most important preventive measure against leishmaniasis. Topical insecticides with residual activity in the form of spot-on pipettes and impregnated collars are the cornerstone of this strategy against CanL (Miró et al., 2017) . The highly popular Advantix ® pipettes (Bayer AG, Leverkusen, Germany) were found to have sandfly repellent efficacy of close to 90% during the 3 weeks following application in the laboratory (Mencke et al., 2003; Miró et al., 2007) . Calculations are based on the proportion of female sandflies that fail to feed after being exposed to treated dogs compared with non-treated dogs used as a control group. Efficacy was found to decrease after 3 weeks and was affected by external factors such as incorrect mechanical application of the pipette and product wash-off following, for example, heavy rain. The failure of dog owners to acknowledge these limitations was considered to explain the similarity between treated and untreated animals in the seroprevalence of CanL in pet dogs in southeast Spain (Goyena et al., 2016) .
Investigating dogs' immunological responses to the saliva inoculated by feeding sandflies has been the focus of attention as an indirect way of estimating sandfly challenge and risk for Leishmania spp. infection, as well as for the identification of CanL vaccine candidates (Hostomska et al., 2008; . A difference in antibody levels between insecticide-treated and non-treated dogs was observed in dogs experimentally bitten by Lutzomyia longipalpis (Hostomska et al., 2008) and P. perniciosus (Vlkova et al., 2011) . Studies in natural conditions have evaluated the repellent efficacy of insecticides in humans and dogs; individuals protected against sandfly bites through the use of topical insecticides showed lower anti-saliva antibody levels than did non-protected subjects (Gidwani et al., 2011 , Martín-Martín et al., 2014 .
Sandfly saliva contains a mixture of haemostatic and immunomodulating substances to facilitate feeding, some of which are specific at the species and subspecies levels (Volf & Rohoušová, 2001; Anderson et al., 2006; . Following primary exposure, dogs developed anti-saliva antibodies that became detectable in serum 2-4 weeks later and levels were positively correlated to the number of blood-fed sandflies (Hostomska et al., 2008; Vlkova et al., 2011; Drahota et al., 2014; Martín-Martín et al., 2014) . Moreover, immunoglobulin G (IgG) and subclass Ig2 elevation decreased shortly after the sandfly challenge was removed, thus allowing the investigation of recent sandfly exposure. In addition, longitudinal studies in naturally exposed dogs showed that anti-sandfly saliva antibodies follow a seasonal pattern that correlates with sandfly abundance (Kostalova et al., 2015; Quinnell et al., 2018) .
The first assays developed to monitor anti-saliva antibodies relied on salivary gland homogenates (SGH) as a source of antigen. These assays require large supplies of single species and involve salivary gland dissection, which is a slow and specialized task . Moreover, the use of SGH is complicated by potential cross-reactivity with saliva from other sandfly species (Volf & Rohoušová, 2001 ) and its composition depends on physiological factors such as age and diet (Volf et al., 2000; Prates et al., 2008) . To overcome this, highly antigenic recombinant salivary proteins (rSPs) are now available for several vector species (Martín-Martín et al., 2013; Drahota et al., 2014) . Among these, the family of yellow-related proteins is considered to represent the most promising candidates as markers of exposure (Sima et al., 2016; .
The present study was designed to monitor the kinetics of serum antibodies against the two most common sandfly species in the area, Phlebotomus papatasi and P. perniciosus (Risueño et al., 2017) , in groups of dogs treated with Advantix ® pipettes and kept in open-air kennels in southeast Spain for up to 2 years. In addition to SGH, one recombinant antigen was tested for each species, consisting of rSP03B and rSP32 for P. perniciosus and P. papatasi, respectively. The former is a 43-kDa yellow-related recombinant protein in P. perniciosus saliva that was recently proposed as a universal marker to monitor canine exposure to this species across Western Europe (Kostalova et al., 2017) . Phlebotomus papatasi rSP32 protein stimulated a strong and specific antibody response against this species in large-scale serological studies performed with human sera in Tunisia and Saudi Arabia (Marzouki et al., 2012 (Marzouki et al., , 2015 Mondragon-Shem et al., 2015) , but it has not yet been tested in dogs.
The study was approved by the University of Murcia Animal Ethics Committee (http://www.um.es/web/vicinvestigacion/contenido/vicerrectorado/estructura/comisiones/ etica-investigacion).
Materials and methods

Study design, experimental dogs, topical insecticide treatments and blood sampling
The study was carried out between April 2014 and April 2016 in up to 32 experimental Beagle dogs that were participating in an L. infantum vaccine trial at Murcia Veterinary School in southeast Spain. Murcia region is a typically L. infantum-endemic Mediterranean area (de Ybáñez et al., 2009; Pérez-Cutillas et al., 2015; Goyena et al., 2016) . Situated at roughly 38 ∘ N and 1 ∘ 50 ′ W, it has a semi-arid climate with long, dry summers and average annual rainfall of 350 mm. The study kennels were situated in the periurban outskirts of the city of Murcia, a recognized hotspot for CanL where the estimated prevalence of asymptomatic L. infantum infection in dogs was 67% [95% confidence level (CI) 53-81%] .
Dogs were purchased from a commercial dog breeder in northern Spain (Isoquimen SL, Barcelona, Spain). They were brought to the study site at three different times during the study: 22 dogs were entered in April 2014 [median age: 9 months (range: 8-63 months)]; three dogs were entered in June 2014 (median age: 7 months), and eight dogs were entered in March 2015 [median age: 6 months (range: 5-7 months)]. As a result and for the purpose of anti-sandfly saliva antibody analysis, dogs were grouped into three sandfly exposure groups (APR14, JUN14 and MAR15), according to the time at which they were incorporated into the study.
At the breeder's facilities, dogs had been raised indoors permanently in an environment protected against sandfly entry. In Murcia, they were kept in open-air, partially covered kennels at 5 m 2 /dog and were given unlimited access to a commercial chicken-based dog diet (Libra-Adult ® ; Affinity Pet Care SA, Barcelona, Spain). They were vaccinated against rabies, distemper, adenovirus 2, parvovirus, Leptospira interrogans (Eurican MHPPi2; Merial Laboratorios SA, Barcelona, Spain) and Bordetella bronchiseptica and Parainfluenza virus (Eurican Bb/PI2; Merial Laboratorios SA) and given a wide-spectrum anthelmintic to prevent nematode and cestode infections (Prazitel; Ecuphar SA, Barcelona, Spain) at 3-month intervals.
Dogs were periodically weighed from the day of their arrival in Murcia and every 3 weeks thereafter until the end of the vaccine trial in September 2016. An Advantix ® topical insecticidal pipette (permethrin 500 mg/mL, imidacloprid 100 mg/mL) for the appropriate weight range was applied to each dog by LJB, an experienced veterinary clinician and member of the research team. An untreated control group was not included for vaccine experimental reasons. Blood samples to obtain serum for the vaccine trial were taken from the jugular vein on 16 occasions from the start until the end of the study (Table 1) . Anti-saliva antibody testing was carried in surplus serum from this trial. The experimental design used is typical of that applied in crossover studies and referred to a longitudinal cohort study in which dogs were monitored for short-lived antibodies during a period of sandfly exposure (mainly summer) and non-exposure (winter) (Jones & Kenward, 2014) .
Leishmania diagnosis and dog status
Leishmania infection was evaluated when the dogs arrived at the study site (April 2014 , June 2014 and March 2015 and again in April 2015, before dogs were experimentally infected with L. infantum for the vaccine trial. Leishmania diagnosis included an analysis of parasite DNA in bone marrow samples using a real-time polymerase chain reaction (PCR) test to amplify kinetoplast sequences (Mary et al., 2004) , as recently described (Ledesma et al., 2017) . The PCR in lymphoid tissue samples is the most sensitive and specific method of detecting Leishmania infection in dogs (Baneth et al., 2008) . All dogs were PCR-negative on both occasions. Dogs had also tested negative to L. infantum-specific serum antibodies, analysed with an indirect immunofluorescence antibody test (IFAT) by the breeder before they were sent to Murcia. As the dogs were immunized with candidate vaccine antigens in June 2015, antibody tests could not be used subsequently to evaluate potential natural L. infantum infection. The specific vaccination protocol used cannot be disclosed for confidentiality reasons. It included six treatment groups based on the inoculation of one or two antigens with or without an adjuvant and an immune stimulator.
Sandfly abundance in the study area
Sandfly abundance in the dog kennels was investigated in 2015 as part of a regionwide investigation of sandfly abundance (Risueño et al., 2017) using one miniature Centers for Disease Control and Prevention (CDC) light attraction trap (John W. Hock Co., Gainsville, FL, U.S.A.), and 0.5 m 2 of homemade adhesive interception traps consisting of white sheets of paper impregnated with castor oil, placed for 8 days (24 h/day) between May and October. Sandfly captures included 42 specimens (36% of which were females) of which 55% were P. papatasi, 26% were P. perniciosus and 19% were Sergentomyia minuta; 21 and 12 specimens were caught in June (on two sampling days) and September (on one sampling day), respectively.
Salivary gland homogenates
Salivary glands were dissected from 4-6-day-old adult female P. perniciosus and P. papatasi sandflies from laboratory colonies kept in standard conditions (Volf & Volfova, 2011) . Salivary glands were pooled in groups of 20, mixed with 20 μL of Tris-NaCl buffer (20 mm Tris, 150 mm NaCl; pH 7.4) and submitted to three consecutive freeze-thaw cycles to obtain SGH that were then stored at − 20 ∘ C until use (Kostalova et al., 2015) .
Recombinant salivary proteins
The two rSPs used in this study were P. perniciosus 43-kDa yellow (rSP03B, GenBank accession no. DQ150622) and P. papatasi 32-kDa rSP32 protein (GenBank accession no. JX411944), manufactured by Apronex s.r.o. (Prague, Czech Republic) following the protocol described by Drahota et al. (2014) . The concentrations of these proteins were quantified by the Lowry method (Bio-Rad Laboratories, Inc., Hercules, CA, U.S.A.) following the manufacturer's protocol.
Detection of IgG anti-SGH and anti-rSP antibodies in dogs
Specific IgG anti-saliva and anti-rSP antibodies were measured in duplicate by enzyme-linked immunosorbent assay (ELISA) as previously described (Kostalova et al., 2015) with minor modifications. Briefly, microtitre plates were coated with either SGH (40 ng per well, equivalent to 0.2 gland), rSP03B (5 μg/mL) or rSP32 (4 μg/mL of each protein) in 20 mM carbonate-bicarbonate buffer (pH 9.5) and left overnight at 4 ∘ C. The plates were then incubated with blocking solution [6% low-fat dry milk in phosphate-buffered saline (PBS) with 0.05% Tween 20 (PBS-Tw)]. Canine sera were diluted 1 : 200 for SGH and 1 : 100 for recombinant proteins in 2% (w/v) low-fat dry milk/PBS-Tw. Secondary antibodies (anti-dog IgG; Bethyl Laboratories, Inc., Montgomery, TX, U.S.A.) were diluted 1 : 9000 in PBS-Tw. Absorbance was measured at 492 nm using a Tecan Infinite M200 microplate reader (Tecan Trading AG, Mannedorf, Switzerland). Each serum was tested in duplicate.
Western blotting to detect P. perniciosus and P. papatasi anti-IgG Salivary gland homogenates (about 4 μg per lane) and rSP32 and rSP03B (2 μg per lane) of P. papatasi and P. perniciosus, respectively, were separated on 12% SDS-PAGE gel under non-reducing conditions using the Mini-Protean III apparatus (Bio-Rad Laboratories, Inc.). They were blotted on to a nitrocellulose membrane using the iBLOT instrument (Invitrogen Corp., Carlsbad, CA, U.S.A.) and cut into strips. The strips were then blocked with 5% low-fat dry milk in Tris-NaCl buffer with 0.05% Tween 20 (TBS-Tw) overnight at 4 ∘ C. For the Western blot, five canine sera with high antibodies against P. papatasi and P. perniciosus SHG and rSP were chosen. Negative control canine sera consisted of a serum sample from the pre-immune dog used in the study by Kostalova et al. (2015) and four samples from APR14 dogs taken at the beginning of the present study prior to sandfly exposure. The strips were incubated with dog sera diluted 1 : 25 for individual canine sera or 1 : 50 for pooled sera (pool of three canine sera) in TBS-Tw for 1 h. After the strips had been washed with TBS-Tw, they were incubated for 1 h with peroxidase-conjugated sheep anti-dog IgG (anti-dog IgG; Bethyl Laboratories, Inc.) diluted 1 : 3000 in TBS-Tw. The chromogenic reaction was developed using a solution containing diaminobenzidine and hydrogen peroxide (H 2 O 2 ).
Statistical analysis
The optical densities (ODs) of ELISA antibodies were standardized (SOD) across plates using the following formula (Sanchez et al., 2002) :
where S represents the sample, NC represents the negative control and PC represents the positive control. Positive control sera for P. perniciosus and NC sera for both sandfly species originated from the Italian study mentioned previously (Kostalova et al., 2015) . Positive control sera for P. papatasi were sourced from this study and were selected from among those with the highest ODs in a preliminary evaluation of 40 samples from the second season when ODs were expected to be highest. Negative SODs were approximated to zero and were normalized using the decimal logarithmic transformation of SOD + 1 and multiplied by 100 (LOD), and the mean LOD was calculated for each sample. Dog seroconversion was estimated as an indication of substantial antibody production beyond what might be considered as non-specific baseline variation in unbitten dogs, and used to calculate seroprevalence as the percentage of dogs showing seropositivity to each antigen preparation. This was considered as a useful indicator of the product's repellent efficacy given that the production of specific antibodies to salivary antigens is positively related to the number of sandfly bites. As no ELISA reference cut-off values have been proposed for these antigens in dogs, those chosen in the present study were one decimal above the highest LOD among all dogs when first sampled (i.e. on the day the dog was entered into the study). Dog seroprevalence for SGH and recombinant proteins, calculated at each sampling point and over the entire study, was represented by the percentage of dogs with an OD value above the cut-off point.
Mean LODs and the proportion of seropositives were analysed over time. The Wilcoxon signed rank sum test and McNemar's chi-squared test for paired data were used to compare medians and proportions, respectively, across categorized explanatory variables, including time, dog's age, sex and vaccination treatment group. Spearman's rank test was used to examine correlations between antigen LODs (Kirkwood & Sterne, 2003) .
A multi-level linear regression model was elaborated to examine the relationship between LODs in dogs incorporated in the study in April 2014 (APR14 group) and sampling time adjusting for antigen, considering the potential confounding effect of dog age and sex (Kleinbaum et al., 1998) , and taking into account the correlation in LODs resulting from repeated measurements taken in the same dogs over time (two-level hierarchical model with repeated measures as level-1 and dogs as level-2 units) (Bliese, 2016) . Log-transformed ODs represented the dependent variable, and antigen, sampling time, age and sex were fixed categorical explanatory variables. The random component included dog and time to allow for variation at the intercept (between dogs) and the slope (over time). Error structures considered for level-1 units included autoregressive with lag 1 (autocorrelation), compound symmetry (single variance) or unstructured (Bliese, 2016 ; University of California Los Angeles (n.d.) Statistical Consulting Group, 2017) . Structures with the lowest value Akaike's information criterion (AIC), indicating a better model fit, were selected. Models were estimated using the restricted maximum likelihood estimation (REML) method and conditional t-tests and F-tests were used to assess the significance of fixed variables. An -value of 5% (P < 0.05) for a double-tailed test was considered to indicate a difference of statistical significance. All analyses were performed using the R program (http:// cran.r-project.org/).
Results
Western blot analysis of P. papatasi and P. perniciosus salivary proteins
Selected sera from exposed dogs strongly recognized P. papatasi rSP32 and P. perniciosus rSP03B proteins. In comparison with rSP03B, rSP32 protein showed several stained bands (Fig. 1) . Similarly, strong reactions with several proteins were observed in the SGH western blots (Fig. 1) . For P. perniciosus SGH, the most intense reaction was with a protein of an approximate molecular weight of 43 kDa, which corresponds with the yellow-related protein family. In the case of P. papatasi SGH, canine sera recognized multiple proteins, mostly in the 25-50-kDa molecular weight range, including the 30-kDa band corresponding to the native form of rSP32 protein.
ELISA antibody LODs against P. papatasi and P. perniciosus salivary gland proteins
The overall median LODs were 16 (range: 0-55) and 11 (range: 0-39) for P. papatasi rSP32 and SGH antigens, respectively, and 8 (range: 0-43) and 10 (range: 0-43) for P. perniciosus rSP03B and SGH antigens, respectively. 
(B)
Fig. 1. Western blot analysis of canine sera with (A) Phlebotomus papatasi salivary gland homogenates (SGH) and rSP32 and (B)
Phlebotomus perniciosus SGH and rSP03B. #, pooled sera; +, strips with canine sera positive in enzyme-linked immunosorbent assays; *, canine sera from the first sampling at the beginning of the study; −, strips with pre-immune canine sera.
Relative to pre-exposure levels, LODs increased markedly (doubled or more) during the study except in three dogs for P. papatasi rSP32, one dog for P. papatasi SGH and two dogs for P. perniciosus rSP03B. There was a clear seasonal pattern in median LODs with significant differences between sandfly exposure groups, particularly in June and July 2015 when LODs were significantly greater in APR14 dogs (in their second year of sandfly exposure) compared with MAR15 dogs (in their first year of sandfly exposure) (Tables 1 and 2 (Tables 1 and 2) . A further peak in median LOD was observed between September and November 2015, particularly for P. papatasi rSP32 in all groups (Table 1) and to a lesser extent for P. perniciosus SGH in the APR14 and MAR15 groups ( Table 2) . Values of LODs in the later groups decreased during the winter of 2015-2016 and there was some evidence of a new rise in median LODs in March and April 2016 for P. perniciosus antigens (Table 2) and P. papatasi SGH (Table 1) . Notwithstanding this, there was extensive variability in LODs between dogs, as shown in Fig. 2 , which depicts individual LODs in APR14 dogs during the 2 years in which they were followed up.
Overall, the correlation between P. perniciosus rSP03B and SGH LODs was high ( = 0.70, 95% CI 0.65-0.75), whereas that between P. papatasi rSP32 and SGH antigens was only moderate ( = 0.46, 95% CI 0.38-0.52).
Percentage of dogs ELISA-positive against P. papatasi and P. perniciosus salivary gland proteins
The ELISA cut-off LOD values for P. papatasi rSP32 and SGH and for P. perniciosus rSP03B and SGH were 29.3, 26.5, 22.2 and 8.6, respectively. The resulting percentages of P. papatasi rSP32 and SGH and P. perniciosus rSP03B and SGH antibody-positive samples were 14% (95% CI 11-17%), 6% (95% CI 4-8%), 8% (95% CI 6-11%) and 57% (95% CI 52-61%), respectively. Similarly, dog seroprevalences for these antigens were 53% (95% CI 36-70%), 38% (95% CI 21-54%), 31% (95% CI 15-47%) and 94% (95% CI 85-100%), respectively. However, seroprevalence differed among sandfly exposure groups and was significantly higher in APR14 dogs compared with other dogs for all antigens. For example, seroprevalences for rSP32 and rSP03B were 64% (95% CI 44-84%) and 41% (95% CI 20-61%), respectively, in APR14 dogs, and 29% (95% CI 0-62%) and 14% (95% CI 0-40%), respectively, in MAR15 dogs (P < 0.05).
There was some evidence of seasonality in dog seroprevalence, particularly in APR14 dogs for all antigens and in MAR15 dogs for the P. perniciosus SGH antigen (Figs 3 and 4) . Table 3 describes the results from a mixed linear regression model investigating anti-saliva antibody kinetics in APR14 dogs adjusted for antigen and dog age. Neither dog gender nor vaccination treatment were important confounding variables and were not included in the final model. The results confirm the significant rise in LODs 2 months after the start of the experiment in June 2014, their decline during the winter of 2014-2015, the new increase in spring-summer 2015 to levels more than twice as high as those in the same months in the previous year, and the milder drop during the 2015-2016 winter (Table 3) . Moreover, mean LODs varied according to antigen and were highest for rSP32 and lowest for rSP03B. Age was marginally negatively associated with LODs. Finally, the model highlighted the wide variability among dogs in antibody responses: 28% {[17.85/(17.85 + 46.68)] × 100} of the variation in LODs was dog-associated (Table 3) . Moreover, there was strong lag-1 temporal dependence between LODs (autocorrelation coefficient, = 0.43). the protection of the product. Partial protection against sandfly bites may not necessarily cause substantial alterations in seroprevalence. However, relatively few dogs were seropositive to both recombinant proteins and to P. papatasi SGH despite the prolonged exposure to sandflies, which suggests that most dogs received few bites. The lack of L. infantum infection in study dogs at the end of the first year may reflect a lack of infected sandflies in the study site. However, this is unlikely given the high prevalence of infection (67%) in the area . Overall, the current results suggest that the preventive treatment in the present study was effective. The higher percentage of P. perniciosus SGH seropositive samples compared with other antigens may indicate a high level of exposure of dogs to P. perniciosus or, alternatively, that the ELISA cut-off value used was too low. Both P. papatasi and P. perniciosus readily feed on dogs and although the latter species was less abundant on site (Risueño et al., 2017; C. Muñoz, personal communication, 2018) , it is known to be highly attracted to dogs (Yaghoobi-Ershadi et al., 1995; Bongiorno et al., 2003) . The cut-off values were based on the highest pre-exposure antibody levels in study dogs. The cut-off value for P. perniciosus SGH was proportionally lower than those for the other antigens, which may result in a higher seroprevalence (Greiner & Gardner, 2000) .
Multivariable relationship between ELISA LODs and time, age and sex
Although antibody response to sandfly salivary proteins is usually specific, some cross-reactivity has been reported between taxonomically close species, although not between P. perniciosus and P. papatasi, which belong to more distant subgenera (Volf & Rohoušová, 2001) . Similarly, a weak cross-reactivity was shown between P. papatasi and Phlebotomus sergenti (Rohoušová et al., 2005) . Importantly, studies in dogs and humans exposed to P. perniciosus reported no cross-reactivity between antibodies against P. perniciosus and P. papatasi rSP32 protein or salivary gland extract (Marzouki et al., 2012 (Marzouki et al., , 2015 .
Recombinant protein rSP03B was confirmed as a good marker for estimating dog exposure to P. perniciosus. The correlation coefficient between antibodies against P. perniciosus SGH and rSP03B protein estimated in this study was high and in accordance with findings in previous studies Martín-Martín et al., 2014; Kostalova et al., 2015 Kostalova et al., , 2017 .
The performance of rSP32 in detecting P. papatasi antibodies in dogs was evaluated for the first time. Optical densities derived from ELISA assays with this antigen were significantly higher than those of P. papatasi SGH, but showed similar seasonality. The correlation between rSP32 and P. papatasi SGH was moderate and appeared slightly lower than in an earlier large-scale study conducted in human sera in Tunisia (Marzouki et al., 2015) . Antibody responses against a particular salivary gland protein are known to vary among host species ; in P. papatasi SGH, human sera recognized predominantly a 30-kDa antigen, whereas mouse sera recognized preferentially a 42-kDa protein band (Rohoušová et al., 2005) . The rSP32 was originally selected using human sera (Marzouki et al., 2012) , but western blot analysis with canine sera showed positive reactions and revealed several stained bands with slightly different molecular weights. All these bands should be related to P. papatasi SP32 protein and may possibly correspond to different protein confirmations, as previously reported (Marzouki et al., 2012) . Based on these results, the present group proposes this recombinant protein as a suitable candidate for estimating P. papatasi exposure in dogs.
Despite the relatively few seroconversions, there was clear seasonality in the median antibody LODs, which were significantly greater during the second compared with the first year of exposure. This was also observed in a previous study in untreated dogs in Italy (Kostalova et al., 2015) and suggests that treating dogs with Advantix ® did not substantially change the broad antibody temporal pattern seen in untreated dogs. Antibody seasonality, particularly against P. perniciosus antigens and P. papatasi SGH during the second year of exposure in 2015, showed two discrete peaks, including an early peak in June-July and a second peak in September-November, according to antigen and exposure group. The results reported by Risueño et al. (2017) provided some indication that P. papatasi and P. perniciosus abundances in the study site were also bimodal, with an early peak in June and a latter peak in September, as in previous studies conducted in the vicinity 30 years earlier (Martínez Ortega & Conesa Gallego, 1987a , 1987b . Anti-saliva antibodies may remain elevated up to 19 weeks after sandfly challenge (Hostomska et al., 2008) and hence it is not surprising that they remained high until November, past the main sandfly season.
Antibodies developed during the first sandfly season in 2014 dropped to almost pre-exposure levels in the first winter (2014) (2015) , indicating that the initial IgG response lasts for less than 12 months. After subsequent exposure to sandflies during the second season in the summer of 2015, IgG levels in APR14 rose very rapidly to almost double those of the first year and were still high in the winter of 2015-2016. This is compatible with the production by memory lymphocytes and plasma cells of greater amounts of longlasting specific IgG upon re-exposure to salivary antigens. The possible influence of experimental L. infantum infection on the dog's humoral response to saliva antigens is unlikely because the antibody response of MAR15 dogs following infection was similar to that of APR14 dogs in June-July 2014, before experimental infection, and anti-saliva antibody response was not statistically associated with vaccination treatment.
The reasons for the high variability in antibody levels among dogs in the same exposure groups are unclear. The same unexplained variability in dogs was also reported in Kostalova et al. (2015) . Sandflies have been shown to have biting preferences for certain dogs (Bongiorno et al., 2003) . It may also be related to differences among dogs in their tendency to produce a humoral response to sandfly salivary antigens. The antibody response of mice similarly challenged with P. perniciosus under experimental conditions differed significantly between individuals, particularly with respect to the production of IgG2 typically associated with a Th1 cellular immunological response (Martín-Martín et al., 2015) . The dog's immunological response to L. infantum is also typically biased towards a predominantly cellular or humoral response depending on the animal's genetics (Baneth et al., 2008) . Finally, the present study showed a negative association between antibody levels and dog age; it could be speculated that sandflies are more strongly attracted to younger dogs or that there are age-related differences with respect to the humoral response to sandfly bites.
In summary, the present study indicates that dogs treated preventively with Advantix ® pipettes and naturally exposed to sandflies develop antibodies against sandfly salivary proteins, which closely follow the typical sandfly seasonal pattern, with peaks in June-July and September-November. However, the relatively low percentage of positive results in tests based on sensitive and specific P. perniciosus and P. papatasi recombinant proteins suggests that dogs were protected against sandfly bites, which supports the product's usefulness in the prevention of CanL.
Conclusions
Monitoring anti-saliva antibodies is a useful way of marking insecticide repellent efficacy against P. perniciosus and P. papatasi in dogs. The application at 3-week intervals of the commercial imidacloprid-permethrin topical insecticide Advantix ® to dogs naturally exposed to P. perniciosus and P. papatasi sandflies probably reduced canine exposure to sandfly bites and the risk for infection with L. infantum.
